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ABSTRACT 
Farmers as farm manager, have experienced the impact of climate change. The most 
powerful impact is the decline in rice production due to unpredictable weather. The decline 
in rice production is the most powerful impact experienced by farmers. Thus, a research 
related to the factors that affect the risk of reduction of rice productivity due to climate 
change is conducted. This research was conducted at the watershed of Cemoro river in 
Central Java, with 120 farmers owning irrigated rice fields as samples. 
The research shows that the farmers who adapt to the climate change, are able to have 
landed with higher productivity, compared to those who do not adapt. They have the higher 
percentage of risk of crop failure, than the adaptive farmers. Factors that affecting the 
reduction of land productivity, according to the multiple linear regression analysis, are 
education level, farming experience, an agricultural extension activity, the extent of land, 
ownership of livestock and farmer’s perception of climate change.  
Keywords: Adaptation, Cemoro Watershed, Climate Change, Risk 
1 INTRODUCTION  
Climate change means every change in a climate at a certain time, which is caused by a 
natural variation or human activities (anthropogenic) (IPCC 2001). Generally, climate 
change is characterized by temperature change, rainfall pattern, and the rise of the sea 
surface, that at the next level, affect to human’s health, agriculture, water resources and 
others life sectors (Surmaini et al. 2011). The agricultural sector will experience the impact 
of climate change due to its high dependency to weather and climate. Besides, many 
farmers involve in the agricultural sector, are in poorer condition than other sectors. Thus, 
the climate change impact on the agricultural sector will worsen the already worse condition. 
In a micro or macro scale, climate change disrupts the nation’s food security (Edame et al. 
2011). Indonesia, as an agricultural country, strongly affected by the impact of climate 
change. As an agrarian country, agriculture sector still gives significant contribution toward 
the national economy, it also becomes the source of residents’ livelihood. It also becomes a 
raw material provider for other sectors.  
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The uncertainty of climate habit and change at the beginning and ending of seasons, such as 
rainy season and dry season, makes the farmers experience difficulties in planning the 
growing season and harvest time. This leads to crop failure (Naylor et al. 2007). The 
growing of rice plantation needs optimum climate condition. The rice itself may be planted 
both on irrigated and rain-fed rice fields. 
On rain-fed rice fields, it is obvious that the needs of water for growing the plants is 
obtained from the rains. Therefore, change of the beginning of the rainy season will disrupt 
the growing of rice plants. Meanwhile, on the full-technic irrigated rice fields, the needs of 
water is obtained from dams and the half-technic irrigated rice fields still need rainwaters. 
In addition, although the supply of water irrigation enough, the existence of farmers as farm 
manager, has a significant role in maintaining the sustainability of rice plants. Thus, the 
impact of climate change on irrigated rice field is also affecting the plants.  
The impact of climate change toward agricultural sector depends on several factors, such as 
rice fields’ physical condition, the scale of agricultural business, agricultural business 
orientation and quality of farmer as a farm manager. This assessment points on the farmers 
as agricultural business manager. The characteristics of the farmers have an influence on the 
performance of farmers in the face of climate change. Characteristics of farmers may reflect 
the condition of farmers' capacity for adaptation, vulnerability and sensitivity levels in the 
face of climate change. 
Climate change has been happening and is being experienced by farmers. It is continuing to 
impact their agricultural production. Farmers need to practice adaptation in order to 
maintain rice productivity, or worse, experience crop failure. The decline in rice production 
is a risk for farmers, as a result of climate change. This risk shows that there is a 
vulnerability in facing climate change. The vulnerability is influenced by three factors such 
as exposure, sensitivity and capacity of adaptation (Smit and Wandel 2006).  The relation 
between the factors above may be observed at Picture 1.  
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According to the Figure 1, risk faced by the farmers depends on the hazard and experienced 
Vulnerability level. Meanwhile, Vulnerability level is a function of the exposure, sensitivity 
and adaptation capacity. Vulnerability, hazard, and risk, are experienced differently from 
one to other farmers (Smit and Skinner 2002). 
The extent of agricultural land shows exposure level being faced by farmers. Sensitivity 
shows farmers’ response in facing climate change. In this case, it was measured with 
income level and a number of family members. Meanwhile, adaptation capacity means 
farmers’ capability in adapting with climate change, measured with farmers’ education, 
farmers’ perception related to climate change, agricultural extension, ownership of livestock 
and weather information. According to the relation between the affecting factors of the 
decline in rice production at irrigated rice field surround the watershed of Cemoro in 
Central Java, Indonesia.  
2 THE RESEARCH METHOD 
This research is conducted at the watershed of Cemoro which is a sub-watershed of 
Bengawan Solo. Administratively, the watershed of Cemoro passes some regions in 
Semarang regency, Boyolali regency, Karanganyar regency and Sragen regency. The 
upstream of Cemoro watershed is located in the western part of Semarang regency and 
Boyolali regency. Meanwhile, its downstream site is administratively located in Sragen 
regency and Karanganyar regencies.  
The population in this study are all irrigated rice paddy farmers residing in the watershed 
Cemoro. A number of samples in this study were taken by 120 rice farmers in irrigated 
fields. The samples represent the upstream area, middle stream area, and downstream area. 
They are chosen by observing the watershed’s agro-ecology characteristics. Determination 
of the samples on each agro-ecology area is conducted with proportional random sampling 
according to the extent of irrigated rice fields. The data analysis uses multiple linear 
regression to determine factors that affecting the risk of the decline in rice production due to 
climate change.  
3 RESEARCH FINDINGS AND DISCUSSIONS 
3.1 Risk due to Climate Change 
Climate change has occurred and it will continue. The impact is experienced by farmers. 
The impact of climate change strongly perceived by them is the difficulties in determining 
planting time.  The beginning of the rainy season has changed due to climate change, where 
it is crucial for farmers to start to plant rice.   
Climate change is also characterized by the frequent occurrence of extreme climate leading 
to floods or drought. These factors cause the decline in rice productivity or even worse, crop 
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failure. For farmers, the decline in rice productivity means the decline in income, and 
automatically it declines their wealth level. Holistically, it will disrupt national food security. 
Thus, farmers generally adapt to the climate change. However, some farmers failed in 
adapting due to several constraints.  This will bring different impact in rice productivity 
level at their cultivated land. This research finds that adapting farmers has higher rice 
productivity than those who do not adapt to the climate change as shown at Table 1.  
Table 1. The Difference of Land Productivity at Irrigated Rice fields due to Climate 
Change at Cemoro Watershed Area in Central Java, Indonesia in 2015 
No Practice of Farm Management  Productivity (ton/Ha) 
Risk of the Decline in  Rice Productivity 
(%) 
1 Farmers Adapt to climate change 5.107 15 
2 
Farmers fail in adapting to climate 
change 
4.828 21 
Source: Sugihardjo et al. (2015) 
According to table 1, it shows that agricultural lands cultivated by adopting farmers have as 
many as 5.107 tons/hectare, while for lands cultivated by non-adaptive farmers have 4.828 
ton/Ha of productivity.  
The average percentage of possibility for the decline in land productivity cultivated by the 
adopting farmers is 15%, while the ones cultivated by non-adaptive farmers is 21%. It 
means that although farmers adapt to climate change, there is still a possible risk of decline 
in productivity. However, the risk is smaller than the lands cultivated by non-adaptive 
farmers.  
The form of adaptation generally conducted by the farmers is by cultivating a variety of 
crops which is resistant to the climate change (Sugihardjo et al. 2015).  The Agricultural 
Ministry has announced several crop varieties considered as resistant to drought or floods. 
The announcement means for assisting the farmers in adapting to climate change. Another 
strategy in adapting is by changing the pattern of plants, adjusting the planting time, using 
the water pump to distribute water from rivers or wells, using organic pesticide and fertilizer.  
3.2 Factors Affecting  Risk of  Decline in  Land Productivity  
In this research, the term of risk means the amount of decline in land productivity as an 
impact from climate change. The phenomenon of the risk of the decline in land productivity 
shows the level of vulnerability impact from climate change. The farmers’ level of 
vulnerability is the function of exposure, sensitivity, and capacity adaptation. This research 
is conducted to determine the factors that affect the risk of the decline in land productivity 
by applying multiple linear regression analysis with formulation (1). 
R =  B0 + B1 X1 + B2 X2 + B3 X3 + B4 X4 + B5 X5 +  B6 X6  +   B7 X7 + B8 X8 + B9  X9 …. (1) 
The results of the analysis of risk factors for decreased productivity of rice in paddy fields 
can be seen in Table 2. 
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Table 2. Analysis of Factors Affect Risk of the Decrease in Rice Productivity on Rice 
fields at Cemoro Watershed in Central Java, Indonesia in 2015 
No Variables Symbol Coefisien Prob 
1 Constanta X0    -126.0946 0.9487 
2 The extent of agricultural land  X1    743.7814* 0.0935 
3 Income level  X2    119.2842* 0.0916 
4 Number of family members  X3   -55.7729 0.3520 
5 Farming experience  X4 -20.6927** 0.0066 
6 Education level  X5 -90.2401** 0.0006 
7 Farmers’ perception  X6 -666.4628** 0.0002 
8 Agricultural extension  X7 572.0548** 0.0004 
9 Owning of livestock  X8 126.3166** 0.0027 
10 Access to weather information  X9 3.9599 0.9860 
Description : **   : Significant at 95% of trust level  
          *    :  Significant at 90% of trust level 
      R2    : 0.4328 
 
According to Table 2 above, it is seen that at least two variables have non-significant 
effect. The variables are a number of family members and access to information on 
weather. Variable Number of household members is one that is included in the sensitivity 
factor. Theoretically, there should be a positive relation between the number of family 
members and the risk of decline in land productivity. But, the analysis result shows 
negative and insignificant relation.  
However, income level shows positive and significant relation at 90% trust level. This result 
draws that it needs the cost to prevent the risk of climate change to prevent further damage. 
In the conclusion, adaptation takes a certain amount of cost.  
One of the variables in exposure factor is the extent of agricultural land. It shows a positive 
and significant relation at 90% trust level. This result is common, considering that the wider 
land owned by farmers, thus the greater possibility of experiencing the climate change 
impacts. This means that if farmers own large land, automatically it causes bigger risk of 
decline in production due to climate change. That is why farmers possessing large area of 
agricultural land should be more cautious in the agricultural management in order to prevent 
loss.  
The capacity of adaptation is measured with several variables, such as education level, 
farmers’ perception toward climate change, farmers’ participation in agricultural extension, 
ownership of livestock and access to weather information. Variable of education level has 
negative and significant effect at 95% trust level. It means that the higher-educated farmers 
experience a lower risk of decline in agricultural land productivity. On the other hand, the 
lower-educated farmers experience a higher risk of decline in agricultural land productivity. 
This is a common condition because education level shows the level of knowledge and logic 
capability. With this, farmers are able to overcome climate change issue.  
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The variable of farmers perception related to the climate change has negative and 
significant effect at 95% trust level. This similar with a condition in the variable of 
education level. It means that farmers who have higher knowledge related to climate change 
will experience a lower risk of decline in agricultural land productivity. This is reasonable, 
because farmers who already have a perception that climate change has occurred, they will 
attempt to solve the issue. An attempt is a form of farmers’ adaptation toward climate 
change for their farm. Therefore, knowledge on the socialization of climate change for 
farmers should be maintained. Thus, they will reach a proper understanding to be able to 
adapt to climate change.  
Farmers’ Participation in agricultural extension has a positive and significant effect on the 
95 percent confidence level. This relation shows that the high level of participation causes a 
higher risk of decline in land productivity. This result is unexpected. This likely due to the 
extensions to the absence of delivering knowledge related to climate change in the 
agricultural extension which delivers only the knowledge of agricultural cultivation. The 
knowledge of climate change should be delivered during agricultural extension, considering 
that the continuity of agricultural sector has tight relation with climate issue. Even, in terms 
of cultivation techniques should be in harmony with the climate change issue.  
Variable of livestock ownership also has a positive and significant impact on the risk of 
decline in land productivity, although the ownership of livestock is expected to be able to 
lower the risk. The product of animal manure is expected to be recycled as organic fertilizer 
which is useful for the crops. 
The usage of organic fertilizer for crops will decrease the usage of chemical fertilizer which 
is bad for the environment. This research finds that organic fertilizer has been utilized by 
farmers for their farm. Organic fertilizer is obtained by purchasing from other farmers who 
are producing organic fertilizers or from the farm store. Considering to efficiency factor, 
farmers do not produce it themselves, although they commonly have livestock. In addition, 
the amount of livestock is not enough to produce fertilizer. Owners of livestock by farmers 
with more emphasis on the effort for investment. 
Variable of weather information has positive but not a significant relation. It is expected that 
positive relation in weather information could help farmers in preventing the risk of decline 
in land productivity. The access to weather information is expected to help farmers in 
adapting to climate change. In fact, this research shows that statistically, the information has 
no significant influence for farmers. The availability of weather information is probably 
forgotten by farmers. So that farmers cultivate their land only according to a custom, 
without any proper weather information. On the other hand, related institutions should 
conduct an evaluation in the distribution of weather information for farmers.  
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4 CONCLUSION  
a. Adapting to climate change is a need for farmers to maintain their land 
productivity. This research shows that adapting farmers experience a lower risk of 
decline in agricultural land productivity, compared to those who are failed in 
adapting.  
b. The usage of crops variety which resistant to the climate change is commonly 
applied by farmers for adaptation purpose. Other strategies are changing the plant's 
pattern, adjusting the planting time, using a water pump to distribute water from 
rivers or wells and using organic fertilizer, pesticide.  
c. Factors that affecting the risk of decline in agricultural land productivity are the 
extent of agricultural land, income level, education level, perception toward climate 
change issue, agricultural extension and livestock ownership.  
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